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Chronic obstructive pulmonary disease (COPD) is a
progressive disease associated with a cellular inflam-
matory response. CD8� T cells are implicated in
COPD pathogenesis, and their numbers significantly
correlate with the degree of airflow limitation. Den-
dritic cells (DCs) are important sentinel immune
cells, but little is known about their role in initiating
and maintaining the CD8 T-cell response in COPD. To
investigate the mechanisms for CD8� T-cell recruit-
ment to the lung, we used resected human lung tissue
to analyze chemokine receptor expression by CD8� T
cells and chemokine production by CD1a� DCs.
Among 11 surveyed chemokine receptors, only CC
chemokine receptor (CCR5), CXC chemokine recep-
tor (CXCR) 3, and CXCR6 correlated with COPD sever-
ity as defined by criteria from the Global Initiative for
Chronic Obstructive Lung Disease. The CD8� T cells
displayed a Tc1, CD45RA� effector memory pheno-
type. CD1a� DCs produced the respective ligands for
CCR5 and CXCR3, CCL3 and CXCL9, and levels corre-
lated with disease severity. CD1a� DCs also constitu-
tively expressed the CXCR6 ligand, CXCL16. In conclu-
sion, we have identified major chemokine elements
that potentially mediate CD8� T-cell infiltration during
COPD progression and demonstrated that CD1a� muco-
sal-associated DCs may sustain CD8� T-cell recruitment/
retention. Chemokine targeting may prove to be a via-
ble treatment approach. (Am J Pathol 2007, 171:767–776;

DOI: 10.2353/ajpath.2007.061177)

Chronic obstructive pulmonary disease (COPD) is a di-
agnostic umbrella that encompasses emphysema and
chronic bronchitis. COPD is characterized by progres-
sive airflow limitation associated with an abnormal inflam-
matory response. Neutrophils, macrophages, and CD8�

T cells have been implicated in COPD pathogenesis in a
number of studies.1–6 More recently, airway infiltration by
CD4 T cells and B cells has also been shown to associate
with the progression of COPD.7,8 This cellular inflamma-
tion is associated with airway remodeling and destruc-
tion, but it is not clear which cell types are responsible for
the damage. Neutrophils and macrophages are sources
of reactive oxygen metabolites, inflammatory cytokines,
metalloproteinases, and other tissue-damaging en-
zymes.9 By contrast, it is less clear how CD8� T cells
could destroy lung parenchyma, although in response to
antigen, CD8� T cells are able to lyse target cells, either
through the release of cytotoxic proteins, such as perforin
or granzyme, or by inducing apoptosis via the Fas ligand-
Fas pathway.10 However, the nature of the antigen that
could trigger this CD8� T-cell response in COPD is un-
known. One hypothesis suggests that intracellular patho-
gens, such as adenovirus or rhinovirus, may provide a
foreign antigenic stimulus; and in fact, viral infections are
a frequent occurrence in patients with COPD.11–13 Auto-
immunity has also been postulated, thus far without sup-
porting evidence.14

To initiate antigen-specific CD8� T-cell immune re-
sponses, it is necessary for the CD8 T-cell receptor to
recognize foreign antigen in combination with a major
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histocompatibility class I molecule presented by an anti-
gen-presenting cell (APC). It seems that dendritic cells
(DCs) are the predominant APCs for the priming of naı̈ve
CD8 T cells15–17 and for initiating CD8 memory T-cell
proliferative responses.15–18 Surprisingly, the role of den-
dritic cells has not been well studied in COPD. In murine
models of cigarette smoke exposure, there are conflicting
results as to whether DC numbers are increased or de-
creased in the lung in response to cigarette smoke.19,20

In the human lung, four subsets of pulmonary DCs have
been identified: myeloid DC 1, myeloid DC 2, plasmacy-
toid DC, and CD1a� DCs.21 In chronic asthmatics,
CD1a� DCs were present in greater numbers in the
bronchial mucosa compared with healthy controls and
were shown to play an important role in modulating the
immune response.22 In view of the role of DCs in initiating
and maintaining antigen-specific CD8 T-cell responses,
their role in COPD deserves study.

Because CD8� T cells potentially contribute to the patho-
physiology of COPD, understanding how these cells are
recruited to the lung may lead to novel treatment. The fam-
ilies of proteins known as chemokines and chemokine re-
ceptors are considered key mediators of recruitment. Che-
mokine receptors play an important role in the trafficking of
immune cells to sites of injury, inflammation, and antigen
encounter. Approximately 50 chemokines and 20 chemo-
kine receptors have been identified. They are classified into
four subgroups based on the position of critical cysteine
residues: CXC, CC, C, and CX3C. Besides the ability of
chemokines to drive leukocyte migration, they are also in-
volved in proliferation, differentiation, retention, and surviv-
al.23 CC chemokine receptor 5 (CCR5) and CXC chemo-
kine receptor 3 (CXCR3) have already been implicated in
COPD because T cells infiltrating the lungs of COPD pa-
tients have been shown to express these chemokine recep-
tors.24–26 However, many of these studies used immuno-
peroxidase or immunofluorescent analyses, which have
limited sensitivity to detect the characteristically low surface
expression of chemokine receptors and, moreover, may not
reflect activity in the interstitium. In addition, previous stud-
ies did not correlate chemokine receptor expression with
specific cell sources of chemokine ligands or disease
severity.

In the present study, we performed a comprehensive
chemokine receptor analysis of interstitial CD8� T cells and
DCs derived from clinically indicated lung resections from
patients with COPD. We found that three chemokine recep-
tors, CCR5, CXCR3, and CXCR6, demonstrated increased
expression on lung CD8� T cells that correlated with sever-
ity of COPD. These CD8� lung T cells displayed a type-1

(Tc1) effector memory phenotype. Further analysis of
CD1a� DC chemokine transcripts revealed that CCL3 and
CXCL9, respective ligands for CCR5 and CXCR3, likewise
displayed a correlation with disease severity, whereas the
ligand for CXCR6, CXCL16, was constitutively produced.
Our findings suggest that CCR5 and CXCR3 may be in-
volved in the recruitment of CD8� T cells into the lungs of
COPD patients, whereas CXCR6 may be more important in
adhesion or retention events. These findings provide a po-
tential rationale for the design of therapeutic agents to im-
pact chronic CD8� T cell-mediated inflammation in COPD
patients.

Materials and Methods

Specimens and Patient Population

Specimens were obtained from patients undergoing clin-
ically indicated resection procedures for tumor nodules,
lung volume reduction surgery, or lung transplant surgery
at the VA Ann Arbor Healthcare and the University of
Michigan Healthcare Systems. Studies and consent pro-
cedures were approved by Institutional Review Boards.
Tissues and clinical data were de-identified before anal-
ysis. Only non-neoplastic lung tissue remote from tumor
nodules and lacking postobstruction changes was col-
lected. Histological sections were reviewed to confirm
absence of pneumonia, lymphangitic neoplasm, or other
unrelated interstitial diseases. The study population was
composed of 30 subjects, all with a history of cigarette
smoking. All subjects underwent two or more preopera-
tive spirometric tests and full evaluation by a pulmonolo-
gist. A five-stage classification system derived from the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) was used to categorize patients.27,28 Stage 0
represents patients at risk, whereas stage 4 represents
patients with the most severe cases of COPD. Classifica-
tion is based on the forced expiratory volume in 1 second
(FEV1) of the predicted value in combination with the ratio
of FEV1 to forced vital capacity. Table 1 shows the FEV1

range for each GOLD stage and the number of patients in
each stage along with age and smoking history ranges.

Immunohistochemistry

For histological evaluation, samples of lung tissue from
each patient were embedded in paraffin and sectioned
for standard hematoxylin and eosin staining and immu-
nohistochemical staining. Immunohistochemical staining

Table 1. Summary of Patient Age, Smoking History, and Disease Severity

COPD severity GOLD guidelines classification Patients (n)
Age range

(years)
Smoking history

(pack years)

0 Normal spirometry with symptoms 8 44 to 79 35 to 60
1 FEV1/FVC � 70% FEV1 � 80%* 7 61 to 72 16 to 50
2 50% � FEV1 � 80% 6 51 to 71 38 to 80
3 30% � FEV1 � 50% 5 48 to 66 30 to 50
4 FEV1 � 30% 4 53 to 70 50 to 64

*According to the GOLD guidelines, to be diagnosed with COPD, the ratio between FEV1 and forced vital capacity (FVC) should be �70%.
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for CD8 and CD1a was performed by the University of
Michigan Health Systems Laboratory using an automated
immunostainer (Ventana Medical Systems, Tucson, AZ).

Flow Cytometry

Lung sections weighing an average of 2.5 g were rinsed in
RPMI 1640 medium (JRH Biosciences, Lenexa, KS) to re-
move excess blood and were homogenized in a Waring
blender at low speed for 45 seconds. Cells were passed
through a 70-�m nylon filter to remove debris and resus-
pended at 10 � 106 cells per ml of flow buffer (2% fetal
bovine serum in phosphate-buffered saline) along with 20
�l/ml Human FC block (Miltenyi Biotec, Auburn, CA). Cells
were incubated at 4°C for 10 minutes and then added in a
volume of 100 �l to each flow tube. Monoclonal antibodies
against CD8, CD1a, CCR5, CD45RA, CXCR3, CXCR1,
CCR7, CD83 (BD Biosciences, San Jose, CA), CXCR6,
CCR2, CCR3, CCR8, and CCR6 (R&D Systems, Minneap-
olis, MN) were used. Antibodies were conjugated to fluo-
rescein isothiocyanate, phycoerythrin, or phycoerythrin-
cyanine 5. Appropriate isotype-matched controls were
used in all experiments. Cells were incubated with antibod-
ies for 25 minutes at 4°C. After incubation, cells were
washed twice and analyzed using a FACScan cytometer
running CellQuest software (BD Biosciences).

CD8� T-Cell and CD1a� Cell Isolation

Lung samples were homogenized as described above,
and cells were resuspended in 80 �l of phosphate-buff-
ered saline containing 0.5% fetal bovine serum and 2
mmol/L ethylenediamine tetraacetic acid per 10 � 106

cells. Cells were divided into two samples and incubated
with either human-specific CD8 or CD1a microbeads
(Miltenyi Biotec) according to manufacturer’s instruc-
tions. MACS LS columns (Miltenyi Biotec) were used to
separate cells, and the positively labeled CD8� or
CD1a� cells were collected. Cells were lysed for RNA
isolation and real-time reverse transcriptase-polymerase
chain reaction (RT-PCR) analyses.

Real-Time RT-PCR

Micro Poly(A) Pure kits (Ambion, Austin, TX) were used to
isolate RNA from lysed cells or from whole tissues. DNA-
free (Ambion) was used to remove any contaminating
genomic DNA. Each RNA sample was reverse-tran-
scribed in a 20-�l reaction using SuperScript II RNase H�

Reverse Transcriptase (Invitrogen Corporation, Carls-
bad, CA). Analysis of the transcripts was performed by
real-time PCR using the ABI Prism 7000 Sequence De-
tection System (Applied Biosystems, Foster City, CA).
Human glyceraldehyde-3-phosphate dehydrogenase,
which acted as the endogenous reference, and primer-
probe sets for target genes were purchased commer-
cially (Applied Biosystems). Transcript levels were ex-
pressed as arbitrary units and were calculated using the
comparative threshold cycle method, as recommended
by the manufacturer.

Protein Analysis

Lung sections were snap-frozen in dry ice and stored at
�80°C before use. For protein extraction, lobes were
resuspended in 2 ml of phosphate-buffered saline and
homogenized using a tissue homogenizer. Samples were
centrifuged at 300 � g for 20 minutes. Supernatants were
collected and stored at �80°C. Using the Luminex 200
(Luminex Corporation, Austin, TX), protein levels for
CCL3 and CXCL9 were determined using Biosource Mul-
tiplex Assays (Invitrogen) according to manufacturer’s
instructions. Total lung protein concentration was deter-
mined using a Micro BCA Protein Assay kit (Pierce Bio-
technology, Rockford, IL), and chemokine levels were
normalized to milligrams of lung protein.

Statistics

Nonparametric (Spearman) correlation analysis was
used to determine the correlation coefficient r. A two-
tailed P value of �0.05 was considered to indicate
significance.

Results

Distribution of CD1a� and CD8� Cells in the
Lungs of COPD Patients

Initially, we determined the anatomical tissue compart-
ment distribution of target cell populations in subject lung
specimens. Paraffin-embedded tissues taken from COPD
patients were sectioned and immunohistochemically
stained for CD1a and CD8 (Figure 1). Lung sections from
individuals with a GOLD stage of 0, 1, 2, or 3 are depicted
and are representative of the staining patterns seen for
other individuals. The majority of CD1a� cells were found
within bronchial mucosal epithelium, whereas the CD8�

cells localized to peribronchial cuffs and epithelium. In
general, these populations appeared to be increased in
GOLD stages 2 and 3. These studies confirmed a close
proximity of CD8� and CD1a� cells in a bronchocentric
process. Similar findings for the localization of CD1a�

DCs21,29 and CD8� T cells30 have been reported.

CD8� Cells Isolated from Lungs of COPD
Patients Have an Effector Tc1 Phenotype

Previous studies have suggested that peripheral blood
CD4� T cells from COPD patients display a Th1 pheno-
type, evidenced in part by their production of interferon �
(IFN�).31 However, recent studies have shown that CD8�

T lymphocytes from bronchoalveolar lavage fluid show a
Tc2 profile.32,33 To address this issue in our study pop-
ulation, we analyzed transcript expression of IFN� and
interleukin (IL)-4 from isolated lung CD8� T cells. We
found that transcripts for IFN� displayed a significant
correlation to COPD severity, with an r value of 0.81
(Figure 2A). However, there was little to no transcript
expression for IL-4 (data not shown). To characterize
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these cells further, we examined CD45RA and CCR7
expression by flow cytometry. Human CD8� cells can be
classified as either naı̈ve (CCR7� CD45RA�), central
memory (CCR7� CD45RA�), or effector memory (CCR7�

CD45RA� or CD45RA�) cells.34 Figure 2B demonstrates
that the percentage of CD8 cells positively expressing
CD45RA increased with COPD severity. These cells did
not express CCR7 (data not shown), consistent with
CD45RA� effector memory (TEMRA) cells that apparently
become more prevalent as COPD progresses. Our find-

ings suggest that there is induction of an activated sub-
population of TEMRA cells in the lungs of COPD patients
with a Tc1 effector phenotype that correlates with disease
severity.

CD1a� DCs in the Human Lung Display Low
CD83 Costimulatory Expression at All COPD
Stages

CD1a has been shown to be a reliable marker for a
subset of intramucosal DCs identified in the human
lung.21 They have been implicated in modulating the
immune response during chronic asthma,22 but little is
known regarding their role in COPD. Because little is
known regarding the maturation state of CD1a� DCs in
human lungs affected by COPD, we attempted to corre-
late DC costimulatory molecule expression to COPD
stage. We analyzed expression of CD83, reportedly a
marker of DC maturity.35 Figure 3 shows that on average,
only 5% of total CD1a� DCs were expressing CD83.
Others have shown that lung DCs possess an immature
phenotype, yet like mature DCs, they have the capacity to
stimulate T-cell proliferation.36 Our findings are in accord
with this notion and further suggest that disease severity
is not associated with changes in the expression of CD83
by CD1a� DCs.

CCR5, CXCR3, and CXCR6 Expression Among
Lung CD8� T Cells Positively Correlates with
Disease Severity

To determine the potential role of chemokine receptors in
the infiltration of CD8� T cells into the lungs of COPD
patients, we analyzed the expression of 11 different che-
mokine receptors by flow cytometry and real-time PCR.
For flow cytometric analyses, chemokine receptor-posi-
tive CD8� T cells were expressed as the percentage of

Figure 1. Immunohistochemical localization of CD1a� (left) and CD8�

(right) cells in the lungs of smokers with GOLD stage 0 (A and B), stage 1 (C
and D), stage 2 (E and F), and stage 3 (G and H) COPD. Stain is immuno-
peroxidase based with diaminobenzidine as the chromagen substrate.
Arrows point to CD1a� cells. Magnification: �200 (A, B, D, F, and H); �400
(C, E, and G).

Figure 2. Lung CD8� T cells from COPD patients express a Tc1 effector
memory phenotype. CD8� T cells isolated from human lung samples by
immunomagnetic beads were used for RNA analysis. CD8� T cells expressed
transcripts for IFN� (A). Transcripts are expressed as arbitrary units and were
measured by quantitative real-time RT-PCR. Surface expression of CD45RA
was determined by flow cytometry (B) and is shown as the percentage of
CD8� cells among total leukocytes. Correlation statistical analysis is shown.

Figure 3. Lung CD1a� DCs do not express CD83. Surface expression of
CD83 was determined by flow cytometry and is expressed as the percentage
of CD1a� cells among total leukocytes. Correlation statistical analysis is
shown.
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total CD8� cells. To analyze transcript expression by
real-time PCR, RNA was isolated from purified interstitial
lung CD8� cells. Of the examined receptors, CCR5,
CXCR3, and CXCR6 were expressed by CD8� T cells
and demonstrated a positive correlation with disease
severity using flow cytometric (Figure 4, A–C) and tran-
script (Figure 4, D–F) analyses. Representative histo-
grams show the increased expression of CCR5, CXCR3,
and CXCR6 in GOLD stage 4 versus GOLD stage 0
patients (Figure 5). Our findings regarding CXCR3 ex-
pression by CD8� T cells in COPD patients are in accord
with the immunohistochemical study of Saetta et al.24

Table 2 lists the Spearman correlation coefficient r and
the P value for all 11 chemokine receptors. Statistics were
determined using flow cytometry data, except for CCR1,
which was determined by RNA transcript levels. After
observing the correlation between disease severity and
CCR5 expression, CCR1 was included in the analysis
because these chemokine receptors share some of the
same ligands. However, CCR1 showed no correlation to
COPD severity. In summary, we identified three chemo-
kine receptors with the potential to mediate CD8� T-cell
infiltration into the lungs of COPD patients.

Chemokine Ligand Expression in COPD Lung
Tissues

To investigate further the potential chemotactic factors
involved in CD8� T-cell recruitment, we analyzed chemo-
kine expression in the lung. Fresh lung specimens were
homogenized, and RNA was isolated for real-time RT-

PCR analysis. The expression of CCL3 (macrophage in-
flammatory protein 1�), a CCR5 ligand; CXCL9 (mono-
kine induced by interferon-�), a CXCR3 ligand; and
CXCL16, a CXCR6 ligand, are shown in Figure 6, A–C.
Transcript expression of CCL3 and CXCL9 in the whole
lung showed significant correlations to disease severity,
with r values of 0.58 and 0.63, respectively. Although the
transcripts for CXCL16 were highly expressed in the ma-
jority of samples, there was no correlation to COPD se-
verity. To confirm the RNA data, we extracted protein
from the whole lung. Using Luminex xMAP microsphere
technology, we measured chemokine levels for CCL3
and CXCL9 (Figure 6, D and E). Again, CCL3 and CXCL9
protein levels significantly correlated with COPD disease
severity. Additional cytokine transcripts measured in the
whole lung included CX3CL1, CCL17, CCL22, CXCL10,
CXCL11, and granulocyte macrophage–colony-stimulat-
ing factor (data not shown). These genes displayed either
low transcription or no association with disease severity.
Taken together, our results suggest that there is a coor-
dinated expression of chemokine receptors and corre-
sponding ligands in COPD patients that could mediate
CD8� T-cell recruitment or retention.

CCL3 and CXCL9 Are Produced by CD1a�

DCs

DCs are known to attract immune effector cells through
chemokines.37–39 In view of their mucosal location, we
determined whether CD1a� DCs were a source of che-
mokines in COPD. To this end, CD1a� DCs were isolated

Figure 4. Chemokine receptors CCR5, CXCR3, and CXCR6 are expressed by lung CD8� T cells and correlate with COPD severity. Chemokine receptor expression
was profiled in dispersed lungs by flow cytometry (A, B, and C) and in preparations of enriched CD8� T cells by real-time RT-PCR (D, E, and F). CCR5 (A and
D), CXCR3 (B and E), and CXCR6 (C and F) expression was correlated to COPD severity, as determined by GOLD stage. Correlation analysis is shown.
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from lung tissue using immunomagnetic beads, and che-
mokine transcripts were measured by real-time PCR. As
shown in Figure 7, CCL3 and CXCL9 expression by
CD1a� DCs significantly correlated to COPD severity
with respective r values of 0.72 and 0.71. CXCL16, al-
though demonstrating high transcript levels in DCs, again
showed no correlation to disease severity. Other chemo-
kine transcript levels measured included CCL17, CCL22,

CXCL8, CXCL10, CXCL11, and CX3CL1. Other than
CXCL8, these chemokines were expressed by CD1a�

DCs at very low levels. CXCL8 was more strongly ex-
pressed but displayed no correlation to disease severity
(data not shown). In our analysis, we also used flow
cytometry to measure chemokine receptor expression by
CD1a� DCs. None of the receptors analyzed (CCR3,
CCR4, CCR5, CCR6, CCCR7, CCR8, CXCR1, CXCR3,
and CXCR6) displayed an association with disease se-
verity (data not shown). Our results imply that CD1a�

DCs are active in COPD and may promote CD8� T-cell
recruitment to the lungs through the production of
chemokines.

Discussion

This study is the first comprehensive and quantitative
analysis of chemokine receptor expression by lung CD8�

T cells in COPD and the first study to examine the role of
CD1a� DCs in COPD. Our analysis of CD8� T cells
revealed that among 11 examined chemokine receptors,
only CCR5, CXCR3, and CXCR6 correlated with COPD
severity as measured by GOLD staging. The validity of
our results was supported by concordant findings using
two independent methods: flow cytometry and direct cell
isolation with gene expression analysis. The chemokine
receptors were likely expressed by a subpopulation of
CD45RA� effector CD8� T cells. Moreover, our study
further demonstrated that CD1a� DCs might contribute to
CD8� T-cell recruitment through coordinated production
of CCL3, CXCL9, and CXCL16, respective ligands for
CCR5, CXCR3, and CXCR6. Production of CCL3 and
CXCL9 correlated with COPD severity, whereas
CXCL16 was constitutively expressed by CD1a� DCs
in all stages of COPD severity, possibly reflecting dif-
ferent functionalities.

Our study implicates CCR5 and CXCR3, along with
their respective ligands, in mediating recruitment of
CD8� T cells to the lung. CCR5 could have an important
role in CD8 activity because CCR5 stimulation is known to
induce production of IL-2 and IFN� by T cells.40 Persis-
tent production of IFN� could provide an amplification
loop to continuously drive T-cell accumulation into the
lungs by promoting additional chemokine synthesis. In
addition, CCR5 has been shown to be important for se-
lective leukocyte migration in response to chemotactic
stimuli.41 CCR5 is the receptor not only for CCL3 but also
for CCL4 (macrophage inflammatory protein 1�) and
CCL5 (regulated on activation normal T cell expressed
and secreted). We have not yet investigated whether
these other CCR5 agonists are expressed in the lungs of
COPD patients. However, CCL4 is reportedly increased
in the bronchoalveolar lavage fluid of patients with
chronic bronchitis and mild to moderate airflow limita-
tion.42 Our finding that CCR5 expression correlated with
disease severity did not agree with a previous study
reporting decreases in CD3� CCR5� cells in severe
COPD.43 However, that study was based on immunohis-
tochemical observations in small biopsy fragments and
did not determine expression specifically by CD8� T

Figure 5. Flow cytometric histograms of CCR5, CXCR3, and CXCR6 in GOLD
stage 0 and GOLD stage 4 patients. Representative histograms show expres-
sion by gated CD8� cells. The white profiles show receptor-specific antibody
staining, and the shaded profiles show staining with isotype-matched control
antibodies.

Table 2. Summary of Chemokine Receptor Expression on
Lung CD8� T Cells and Correlation with COPD
Severity

Chemokine receptor r value P value

CCR1* �0.07 0.79
CCR2 0.14 0.61
CCR3 0.21 0.39
CCR4 0.33 0.17
CCR5 0.66 0.0001
CCR6 0.14 0.71
CCR7 0.28 0.24
CCR8 0.08 0.84
CXCR1 0.20 0.37
CXCR3 0.64 0.0004
CXCR6 0.67 0.0001

*Value determined by RNA transcript levels.
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cells, nor were patients stratified by GOLD stage. This
apparent discrepancy could also be due to the fact that
severe COPD may represent a more complicated dis-
ease state.44 We cannot exclude that end-stage COPD
may differ from mild to moderate stages. Patients with
end-stage COPD (stage 4) are seldom candidates for
lobectomies, from which we most readily recover suffi-
cient cells for analysis. Although these patients are can-
didates for lung volume reduction surgery or lung trans-
plants, the tissues removed in these operations have
proven far less amenable to isolation of adequate cell
number. Hence, we obtained fewer specimens; therefore
further evaluation may reveal more subtle differences.
Nevertheless, for therapeutic purposes, it is more impor-
tant to identify the chemotactic factors involved at earlier
stages of COPD. In addition, it is important to recognize
that in human studies, a high degree of experimental
variation is not uncommon. Thus, our ability to reveal
underlying correlations gains in significance. In the cur-
rent GOLD classification of disease severity based on
spirometric tests, there is an imperfect relationship be-
tween the degree of airflow limitation and the presence of
symptoms. More precise classification using parameters
such as chemokine receptor expression may help better
define prognostic groups.

Our analysis of transcripts for all known CXCR3 ligands
extends a previous observation that lung CXCR3� T
cells, most coexpressing CD8, are increased in smokers
with COPD.24 That study also detected immunoreactivity
for CXCL10 in the bronchiolar epithelium of COPD pa-
tients. Using a quantitative approach, we found that
CXCL9 (monokine induced by interferon-�), and not the
other known CXCR3 ligands, CXCL10 (interferon-induc-
ible protein 10) and CXCL11 (interferon-inducible T-cell

�-chemokine), correlated with disease status. Transcripts
for CXCL10 were detected in the lungs, in agreement with
the above study, but showed no correlation to disease
severity. However, CXCL11 displayed low transcript lev-
els, even though it reportedly has the highest affinity for
CXCR3.45

Our finding that CXCL16 transcripts were constitutively
expressed by CD1a� DCs suggests that CXCR6 and
CXCL16 could be involved in homeostatic and inflamma-
tory cell recruitment and retention events. CXCL16 and its
receptor CXCR6 are relatively new additions to the che-
mokine family. Importantly, CXCL16 exists in membrane-
bound and in secreted forms. Although studies have
suggested that CXCR6 facilitates recruitment of activated
CD8� T cells to sites of inflammation,46–48 our results
imply that this is not its role in COPD. Because CXCL16
has been shown to function as a membrane-bound ad-
hesion molecule for cells expressing CXCR6,49 one pos-
sibility is that CXCR6 might allow binding of CD8� T cells
to CD1a� DCs to promote more efficient stimulation of
cell-activating chemokine receptors such as CCR5. Co-
expression of CXCR6 and CCR5 has been demonstrated
on peripheral blood T cells.50 This would allow DCs and
CD8� T cells to interact, facilitating antigen presentation
and allowing the time for T cells to activate or up-regulate
additional genes. Our immunohistochemical study indi-
cated that CD1a� and CD8� cells are in proximity to
each other with the potential for contact. Another possi-
bility is that CXCL16 may be expressed constitutively in
its membrane-bound form but that under inflammatory
conditions is released in soluble form. Such a functional
change would not be detected by transcript analysis and
merits further study.

Figure 6. Chemokine expression in lungs of COPD
patients. Real-time PCR was used to measure chemokine
transcripts for CCL3 (A), CXCL9 (B), and CXCL16 (C)
among mRNA isolated from whole lung samples. Results
are expressed in arbitrary units. CCL3 (D) and CXCL9 (E)
protein levels were measured using Luminex xMAP mi-
crosphere technology. Results are expressed as pico-
grams of chemokine per milligram of total protein. Lev-
els were correlated to COPD severity, as determined by
GOLD stage. Correlation analysis is shown.
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Our analysis of lung CD8� T cells in COPD supports a
previous report of Grumelli et al26 in favor of a Tc1 phe-
notype. Like them, we found that lung CD8� T cells

expressed IFN� but little IL-4. Furthermore, the receptors
that we identified, CCR5, CXCR3, and CXCR6, have been
reported to be associated with Tc1 cells.46,51 This area
remains controversial, for although CD4� cells were
shown to display a Th1 phenotype in COPD,31 two recent
studies found CD8� T cells in COPD to be Tc2-like, IL-4
producers.32,33 We did not identify such a population,
possibly because those investigators examined bron-
choalveolar lavage rather than interstitial cells.

The detection of CCR7� CD45RA� CD8� lung T cells
revealed the presence of an effector memory (TEMRA)
population. This population was probably expressing
chemokine receptors and IFN� and, as such, is a candi-
date for COPD-related effector cells. CCR7� CD45RA�

TEMRA cells are associated with respiratory viral infec-
tions.52,53 Viruses have been implicated in promoting
COPD by inducing CD8� T cells to differentiate into
IFN�-producing effector cells and establishing a cycle of
chronic inflammation. It should be noted that not all CD8�

T cells had an effector phenotype. Although not detected
by flow cytometry, RNA transcript analysis revealed that
there was low expression of CCR7 among CD8� T cells,
suggesting that a population of naı̈ve or central memory
CD8� T cells was present in the lung (data not shown).

Together, our findings suggest a means by which the
CD1a� DC and CD8� TEMRA interaction could contribute
to lung pathology as COPD progresses. Although the
absence of CD83 indicates that most CD1a� DCs in the
lungs are immature, more work is necessary to confirm
the activation status of these DCs. However, some stud-
ies have demonstrated that immature DCs stimulate T
cells.36,54 Dumortier et al54 showed in vivo that immature
antigen-presenting DCs stimulate naı̈ve CD8� T cells to
acquire cytotoxic T-cell function and take on a central
memory phenotype. Activated CD8� T cells might cause
the lung damage observed in COPD via their high levels
of perforin and Fas ligand.55 We did not examine perforin,
but its expression would be predicted. Sputum CD8� T
cells from COPD patients have been shown to secrete
perforin.56 CXCR6/CXCL16 interactions could also con-
tribute to lung damage. Interestingly, CXCR6� Tc1 cells
reportedly contain preformed granzyme A and are cyto-
toxic. Constitutive CXCL16 expression might contribute
to the creation of an environment that promotes apoptosis
of structural cells.57

In conclusion, we have demonstrated the potential
participation of the chemokine receptors CCR5, CXCR3,
and CXCR6 in the infiltration of CD8� Tc1 effector mem-
ory cells into the lungs of COPD patients. We further show
a role for CD1a� DCs in the production of complimentary
chemokines. The identified receptors represent possible
therapeutic targets to ameliorate CD8� T cell-mediated
inflammation during COPD.
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